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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The negative electrode for nonaqueous electrolyte rechargeable batteries which uses the 
carbon material manufactured by mixing and calcinating the carbon material which has a volatile 
component at least one sort, a front face, and/or inside an artificial graphite and a natural graphite as an 
active material particle, uses resin as a binder, is formed as current collection material using the metal, 
and is characterized by being 20 - 35% of porosity, the electrode consistency 1.20 - 1.60 g/cm3, and 
three or more electrode capacitance 400 mAh/cm. 

[Claim 2] The negative electrode for nonaqueous electrolyte rechargeable batteries according to claim 1 
whose electrode consistency is 1.35 - 1.60 g/cm3. 

[Claim 3] The nonaqueous electrolyte rechargeable battery using the negative electrode for nonaqueous 
electrolyte rechargeable batteries indicated by claims 1 or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the new negative electrode which raises especially the 
engine performance of a lithium secondary battery remarkably about the rechargeable battery which 
uses nonaqueous electrolyte. 
[0002] 

[Description of the Prior Art] In recent years, portable-izing thru/or cordless-izing of consumer 
electronics is progressing quickly. With this, the function / engine-performance improvement demand of 
the formation of a miniaturization [ to the rechargeable battery as a power source for a drive of 
electronic equipment ], lightweight-izing, and high energy consistency etc. are also increasing. From 
such a viewpoint, the expectation for a nonaqueous rechargeable battery, especially the lithium 
secondary battery which has a high voltage / high energy consistency fundamentally is great, and the 
utilization is hurried. 

[0003] That is, in the nonaqueous electrolyte rechargeable battery equipped with the positive electrode 
which consists of a lithium ion content multiple oxide, nonaqueous electrolyte, and the negative 
electrode in which a recharge is possible, in a negative electrode, a lithium ion is doped between carbon 
layers at the time of charge, and is dedoped from between carbon layers at the time of discharge. For this 
reason, since a deposit of a dendrite-like crystal is not produced in a negative electrode at the time of 
charge even if a charge-and-discharge cycle advances, it is hard to cause an internal short circuit, and a 
good charge-and-discharge cycle property is shown. Moreover, since energy density is also highly 
lightweight, development is progressing towards utilization. 

[0004] JP,57-208079,A and JP,63-24555,A were excellent in flexibility, and have proposed use of a 
graphite as a negative-electrode ingredient without a possibility that the lithium of the shape of moss 
accompanying the repeat of a charge-and-discharge cycle may deposit. Since it has peculiar layer 
structure and has the property to form an intercalation compound, the graphite is put in practical use as 
an electrode material for rechargeable batteries using this property. And when using in the electrolytic 
solution, it is known that it is desirable, a crystalline low carbon material, for example, the carbon 
material which has the random layer structure which pyrolyzes a hydrocarbon by the gaseous phase and 
is acquired, and an alternative stacking tendency, (refer to JP,63-24555,A). However, since change of 
the potential accompanying emission of a lithium ion becomes large in using a crystalline low carbon 
material as a negative-electrode ingredient, the capacity which can be used as a cell becomes small and 
production of the cell of high capacity is difficult. 

[0005] On the other hand, in using the crystalline high carbon material which makes a graphite top-most 
vertices as a negative-electrode ingredient, it turns out that change of the potential accompanying 
emission of a lithium ion becomes small theoretically, and the capacity which can be used as a cell 
becomes large. While the crystallinity of a carbon material becomes high, the decline in charging 
efficiency considered to be based on disassembly of the electrolytic solution arises, and a carbon 
material comes [ however, ] to be further destroyed by expansion/contraction of the spacing of the 
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crystal accompanying the repeat of charge and discharge. 

[0006] JP,4-368778,A shows that destruction of the carbon material by the repeat of charge and 
discharge can be prevented by making the dual structure which covered crystalline low carbon form in a 
crystalline high carbon particle. When using the carbon material prepared by this approach as an active 
material, theoretically, disassembly of the electrolytic solution can be prevented and the electrode of the 
high capacity excellent in the smooth nature of potential can be obtained. However, since it was hard to 
go up an electrode consistency when creation of a practical use electrode was tried using this dual 
structure active material particle (for example, a place [ as an object for cylindrical cells, it is going to 
apply an active material on copper foil and is going to produce an electrode with a thickness of 50-500 
micrometers ]), the capacity per electrode volume did not increase. If it is difficult to make an electrode 
consistency high and it more specifically tends to make an electrode consistency three or more 1.20 
g/cm by pressurization compression, since a dual structure active material particle is destroyed, three or 
more 400 mA/cm high capacity is no longer obtained after all. 
[0007] 

[Problem(s) to be Solved by the Invention] Therefore, without destroying an active material particle, the 
improvement in a consistency is easily possible for this invention, and it sets it as the main purposes to 
offer the electrode of the high capacity which prevents disassembly of the electrolytic solution and 
demonstrates the outstanding smooth nature of potential, and the rechargeable battery using this. 
[0008] 

[Means for Solving the Problem] When the carbon material manufactured by calcinating was used as an 
active material particle after this invention person mixed the carbon material which has a volatile 
component at least one sort, a front face, and/or inside an artificial graphite and a natural graphite, caring 
about the present condition of the above techniques, as a result of repeating research, he found out that 
the negative electrode for high capacity and the nonaqueous electolyte rechargeable batteries of high 
density was obtained. 

[0009] That is, this invention offers the nonaqueous electolyte rechargeable battery which uses the 
following negative electrode for nonaqueous electolyte rechargeable batteries, and this. 

1. Negative electrode for nonaqueous electrolyte rechargeable batteries which uses carbon material 
manufactured by mixing and calcinating carbon material which has volatile component at least one sort, 
front face, and/or inside artificial graphite and natural graphite as active material particle, uses resin as 
binder, is formed as current collection material using metal, and is characterized by being 20 - 35% of 
porosity, electrode consistency 1.20 - 1.60 g/cm3, and three or more electrode capacitance 400 mAh/cm. 

2. Negative electrode for nonaqueous electrolyte rechargeable batteries given in above-mentioned term 1 
whose electrode consistency is 1.35 - 1.60 g/cm3. 

3. Nonaqueous electrolyte rechargeable battery using negative electrode for nonaqueous electrolyte 
rechargeable batteries indicated by above-mentioned terms 1 or 2. 

[0010] 

[Embodiment of the Invention] The active material used in this invention is a carbon material 
(henceforth a "covering graphite ingredient") manufactured by calcinating, after mixing the carbon 
material (henceforth a "volatile-component content carbon material") which has a volatile component at 
least one sort, a front face, and/or inside an artificial graphite and a natural graphite. Thus, the covering 
graphite ingredient obtained has the structure in which the volatile component originating in a volatile- 
component content carbon material adhered to some of artificial graphites and/or natural graphites [ at 
least ], or covered some of artificial graphites and/or natural graphites [ at least ] with baking of a mixed 
raw material. It is thought that such adhesion structure or covering structure was formed by adhering to 
some or all of an artificial graphite and/or a natural graphite, or covering some or all of an artificial 
graphite and/or a natural graphite once the volatile component of a volatile-component content carbon 
material evaporates. If it puts in another way, it will think that some or all of an artificial graphite and/or 
a natural graphite came to be covered in the gaseous phase. 

[001 1] Although the capacity which can use the artificial graphite and natural graphite as a negative- 
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electrode ingredient as a cell as compared with other graphite system carbon materials is generally large, 
since specific surface area is large, the problem of checking the stability of the electrolytic solution is 
produced. However, when covering an artificial graphite or a natural graphite in a gaseous phase, the 
covering thickness is very thin and it is surmised that it is uniform. Consequently, since it becomes 
possible to reduce the specific surface area of an artificial graphite or a natural graphite, without 
reducing substantially a high capacity which an artificial graphite or a natural graphite has, it is thought 
that the covering graphite ingredient of high capacity is obtained. 

[0012] By the way, formation of a covering graphite ingredient is possible once also in the liquid phase. 
That is, it is possible to obtain a covering graphite ingredient by being immersed in "the carbon material 
for forming covering" which made the graphite ingredient used as a core material the liquid phase 
condition. Also in this case, it is hoped like the case where it is based on a gaseous-phase method, by 
making small volatile-component/for covering formation (volatile component for core material + 
covering formation) (this rate being hereafter called "covering ratio") that the carbon material of high 
capacity may be obtained more. However, since the problem that an enveloping layer separates from a 
core material, or an enveloping layer lacks in homogeneity arises and the specific surface area of a 
covering graphite ingredient becomes large in making a thin enveloping layer form in the liquid phase in 
fact, it is unsuitable. 

[0013] The carbon material (volatile-component content carbon material) by which some or all of a 
carbon material that is core materials was covered by the volatile components for covering formation 
(coal-tar pitch etc.) as a volatile-component content carbon material used in this invention, a meso 
carbon micro bead, a carbon fiber, a mesophase pitch, an isotropic pitch, resin, such mixture, etc. are 
mentioned. Also in these, a volatile-component content carbon material is desirable from a cost side. It 
is desirable that it is 0.01 or more, as for the covering ratio of a volatile-component content carbon 
material, it is more desirable that it is 0.05 or more, and it is desirable that it is [ or more further 0.05 ] 
0.3 or less. 

[0014] since there are few amounts of the volatile matter evaporated at the time of baking by the mixed 
state with an artificial graphite and/or a natural graphite when the covering ratio of a volatile-component 
content carbon material is too low — an artificial graphite - and - or the part, the adhesion through 
which it all passes, or covering of a natural graphite is no longer performed fully. On the other hand, 
since the capacity in the low voltage part depending on a core material decreases when a covering ratio 
is too large, when a cell is produced, it becomes difficult to obtain sufficient capacity. In addition, after 
the amount of the "volatile component" said to this specification performed solvent analysis according to 
the approach specified to JIS K2423 about the carbon component of the heavy oil origin which has 
covered before baking the perimeter of the carbon material which is a core material and measured 
quinoline insoluble (%) first, it made [100- (quinoline insoluble)] quinoline soluble (%). This amount of 
quinolines soluble is the aforementioned "amount for covering formation of volatile components", and 
the above-mentioned "covering ratio" can be computed using the carbon material used as this amount 
and core material. 

[0015] The volatile-component content carbon material by which some or all of a carbon material that is 
core materials was covered by the volatile component is the following, and is made and manufactured. 
That is, after immersing preferably the carbon material particle used as a core material in the heavy oil 
of coal systems, such as tar and a pitch, or a petroleum system at about 10-300 degrees C and separating 
a carbon material from heavy oil subsequently, an organic solvent is added to the separated carbon 
material, and it washes at 10-300 degrees C preferably. Although it is also possible to skip the above- 
mentioned washing process by adjusting appropriately the mixing ratio of a carbon material particle and 
heavy oil, it is desirable to carry out a washing process. Especially when skipping a washing process, the 
problem that the particles of a volatile-component content carbon material adhere at the time of baking, 
do not condense, or a volatile component is not adhered or covered by the core material at homogeneity 
may arise. Moreover, also when manufacturing a volatile-component content carbon material, a carbon 
material being immersed in heavy oil at the elevated temperature exceeding 300 degrees C, and 
promoting the polycondensation reaction of heavy oil, the same problem may arise. Or although it is 
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also possible to replace with the above-mentioned washing process and to carry out a calcining process 
at about 300-600 degrees C, and particles do not not much adhere or condense in this case, in 
homogeneity, a volatile-component content carbon material becomes adheres or is hard to be covered to 
m a core material. 

[0016] It faces manufacturing a volatile-component content carbon material, and the mechanical stirring 
approach which uses a NAUTA mixer, a ribbon mixer, a screw mold kneader, an omnipotent mixer, etc. 
is mentioned as the mixed approach of of the carbon material particle and heavy oil used as a core 
material. 

[0017] Although it mainly depends for the mixed rate of an artificial graphite and/or a natural graphite, 
and a volatile-component content carbon material on the latter amount of volatile components, it is 
usually an artificial graphite and/or a natural graphite 10 - 1000 weight sections extent to the volatile- 
component content carbon material 100 weight section, and is an artificial graphite and/or a natural 
graphite 10 - 300 weight sections extent more preferably, and still more preferably is as an artificial 
graphite and/or a natural graphite 30 - the 100 weight sections. Since the rate of the covering graphite 
component which should turn into a high capacity part more in the carbon material for cells becomes 
low when there are too few artificial graphites and/or natural graphites, high-capacity-izing becomes less 
enough. On the other hand, since the amount of volatile matter evaporated at the time of baking of 
mixture decreases relatively when there are too many artificial graphites and/or natural graphites, 
covering of an artificial graphite and/or a natural graphite is no longer performed fully, and the specific 
surface area of a desired carbon material becomes large. 

[0018] Baking of the mixture of an artificial graphite and/or a natural graphite, and a volatile-component 
content carbon material is performed by non-oxidizing atmospheres, such as a sealing condition in 
reducing atmosphere and an inert gas air current and under inert gas existence, and a vacua. Since it 
carries out for accumulating, as for baking of this mixture, it is more desirable to carry out in the state of 
sealing of the inside of the ambient atmosphere which is made to evaporate the volatile component in a 
double layer type carbon material in a gaseous phase, and covers some or all of an artificial graphite 
and/or a natural graphite and in which the volatile matter of a volatile-component content carbon 
material tends to pile up, i.e., reducing atmosphere, or inert gas. Although the carbonization by the vacua 
is effective in removing the surface functional group of a carbon material and there is an advantage that 
a retention can be reduced, there is a difficulty that the volatile matter from a volatile-component content 
carbon material is easy to be lost. 

[0019] In case the above-mentioned mixture is carbonized, it usually calcinates at the temperature of 900 
degrees C - about 1300 degrees C more preferably with the temperature of about 600-2000 degrees C. 
Moreover, in graphitizing the same mixture, it usually calcinates at the temperature of 2500 degrees C - 
about 3000 degrees C more preferably with the temperature of about 2000-3000 degrees C. In addition, 
although a non-graphitized part may remain in a baking product depending on the baking conditions of 
mixture and it may have the effect of some on the property as a negative-electrode ingredient, it does not 
become a problem substantially. However, for much more improvement in a negative-electrode 
property, it is more desirable by raising burning temperature as a core material of a volatile-component 
content carbon material, using a graphite ingredient to raise the degree of graphitization of a baking 
product as much as possible. 

[0020] The programming rate at the time of mixture baking can be suitably chosen from the range of 1- 
300 degrees C / hr extent also in which burning temperature. Firing time is 6 hours - about one month. 
[0021] About 3-40 micrometers of particle size of the covering graphite ingredient which it is obtained 
as mentioned above and used as an active material in this invention are about 1-50 micrometers usually 
about 5-35 micrometers still more preferably more preferably. An electrode consistency cannot be raised 
when the particle diameter of a covering graphite ingredient is too small. On the other hand, if it faces 
manufacturing a thin electrode with a thickness of about 100 micrometers, an electrode consistency is 
raised and it performs press working of sheet metal utterly in being too large, a covering graphite 
ingredient particle will be destroyed and high capacity-ization will not be attained. 
[0022] The resin as a binder used in this invention has the function to carry out binding immobilization 
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of the active material particle, on a metallic foil while making covering graphite ingredient particles 
bind. Although especially the class of resin as a binder is not limited, specifically, polyolefine; 
fluororubbers, such as fluororesin; polyethylene, such as polyvinylidene fluoride and 
polytetrafluoroethylene, and polypropylene, SBR, acrylic resin, etc. are illustrated. In these, it is 
meltable to especially general-purpose organic solvents (N-methyl pyrrolidone, toluene, styrene, etc.), 
and the polyvinylidene fluoride excellent in electrolytic-solution-proof nature and withstand voltage is 
desirable. 

[0023] That what is necessary is just to determine suitably according to the class of the class of covering 
graphite ingredient particle, particle size, a configuration, the thickness of the electrode made into the 
purpose, reinforcement, and binder etc., although the loadings of the binder in the negative electrode by 
this invention are not limited especially, they are usually made into about (preferably about 5 - 25%) 1 - 
30% of active material particle weight. 

[0024] In the negative electrode by this invention, especially as a metal used as a charge collector, 
although not limited, copper foil, a stainless steel foil, a titanium foil, etc. are mentioned. Furthermore, 
what can form an electrode in a metallic foil top or the clearance between metaled, for example, an 
expanded metal, steel materials, etc. can also be used. Copper foil with a thickness of about 1-50 
micrometers is more desirable by the reasons of excelling in that manufacture of the negative electrode 
by the applying method mentioned later is easy also in these, reinforcement, electric resistance, etc. 
[0025] How to use polyvinylidene fluoride as binder resin and use copper foil as a charge collector as an 
example of the concrete manufacturing method of the negative electrode for nonaqueous rechargeable 
batteries by this invention, is shown below. Manufacture of the negative electrode by this invention is 
not limited by this technique. 

[0026] First, to the binder resin solution which dissolved polyvinylidene fluoride in N-methyl 
pyrrolidone, a covering graphite ingredient particle is dissolved in homogeneity, and a slurry is 
prepared. Under the present circumstances, shaping assistants, such as electric conduction material, such 
as acetylene black, and a polyvinyl pyrrolidone, etc. may be added if needed. Subsequently, after 
applying the obtained slurry on copper foil using a coating machine, drying and making an electrode 
layer form on copper foil, it can press and the negative electrode for nonaqueous rechargeable batteries 
with a thickness of 50 micrometers - about 500 micrometers can be obtained. An electrode layer is 
formed in both sides or one side of copper foil if needed. 

[0027] The negative electrodes for nonaqueous electrolyte rechargeable batteries by this invention 
obtained in this way are a consistency 1.35 - about three 1.60 g/cm, and 20 - 35% of porosity more 
preferably a consistency 1.20 - about three 1.60 g/cm, and electrode capacitance is three or more 400 
mAh/cm. These consistencies and porosity are the values about the electrode layer itself formed on the 
metallic foil, and porosity can be calculated from the true density and the electrode consistency of the 
covering graphite ingredient particle size in an electrode layer, and binder resin. It is the capacity 
[ electrode capacitance ] on the basis of an electrode layer product. 

[0028] Since the capacity fall by destruction of a covering graphite ingredient produces electrode 
capacitance sufficient when the consistency of the negative electrode for nonaqueous electrolyte 
rechargeable batteries is too low to not being obtained when too high, it is not desirable. Moreover, to 
sufficient rate property not being acquired when porosity is too low, when too high, sufficient electrode 
capacitance is not obtained. 

[0029] The negative electrode for nonaqueous electrolyte rechargeable batteries by this invention is a 
high density electrode which the electrode capacitance reaches three or more 400 mAh/cm, and does not 
have a capacity fall. 

[0030] In addition, the electrode capacitance in this invention is electrode capacitance when dedoping, 
after frilly doping a lithium. For example, the electrochemistry eel using the lithium metal as a counter 
electrode and a reference pole is assembled, a constant voltage is impressed with the potential of ImV to 
lithium metal potential into the below-mentioned nonaqueous electolyte, and after doping a lithium until 
a current value becomes small (for example, 0.01 mA/cm2) enough, dedope capacity is measured by 
dedoping to 2V to lithium metal potential at a rate (for example, 0.25 mA/cm2) late enough. If this 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/4/06 



, JP,2000-2518*90,A [DETAILED DESCRIPTION] 



Page 6 of 7 



dedope capacity is broken by the electrode volume, the electrode capacitance said to this invention can 
be calculated. 

[0031] About the negative electrode for nonaqueous electrolyte rechargeable batteries of this invention, 
, the cell as the candidate for use is not limited, and can be appropriately combined with a well-known 
positive electrode and a well-known nonaqueous electolyte, for example, can manufacture a lithium 
secondary battery. In this case, in order to obtain the high voltage and high capacity, it is desirable to use 
lithium multiple oxides, such as LiCo02, LiMn02, LiMn204, and LiNi02, as a positive electrode. 
Moreover, the nonaqueous electolyte containing lithium salt is used as a nonaqueous electolyte. The 
class of electrolytic solution is suitably determined by service conditions, such as a class of positive- 
electrode ingredient, description of a dual structure active material particle, and a charge electrical 
potential difference, etc. 

[0032] What dissolved lithium salt, such as LiPF6, LiBF4, and LIC104, in the organic solvent which 
consists of one sort, such as propylene carbonate, ethylene carbonate, diethyl carbonate, dimethyl 
carbonate, methylethyl carbonate, dimethoxyethane, gamma-butyl lactone, methyl acetate, and methyl 
formate, or two sorts or more as the electrolytic solution, for example is desirable. 
[0033] 

[Example] Below an example and the example of a comparison are shown, and the place by which it is 
characterized [ of this invention ] is clarified further. 

One to example ^ artificial graphite ("KS-44" by Lonza, and 50= 20.1 micrometers of diameters D of a 
centriole) 0.1-150 micrometers [ oFpartfcle size distributions ] d 002= 0.336nm/ Lc=l lOnm, La=105nm/ 
and spec ific-surface-area =8.2m2/g, an R value = 0.23, true-specific-gravity 2.25 g/cm350g and the 
coal-tar pitch of 80 degrees C of softening temperatures which removed first QI beforehand (trace) 
[ Quinoline insoluble = ] Toluene insoluble = 5g and 50g of tar middle oil were put into the 500ml 
SEPARERU flask 30%, and it distilled on condition that 200 degrees C and lOtorr. After collecting tar 
middle oil, distillation was stopped and the pitch coating graphite was obtained. 

[0034] Since the measured value of the quinoline soluble of the obtained pitch coating graphite is 6.8%, 
the covering ratio of the carbon material for covering formation (volatile-component content carbon 
material) is 0.068. To this pitch coating graphite 100 weight section, the artificial-graphite ("KS-44" by 
Lonza and description are the same as the above) 100 weight section was mixed, baking was carried out 
at 1200 degrees C among nitrogen-gas-atmosphere mind for 1 hour (the programming rate of 50 degrees 
C / hr), and the coating layer was carbonized. The specific surface area of the obtained covering graphite 
particle is 2.5m2/g, and there were 20.3 micrometers of rp ean parti cle diame ter. The electrode was 
produced using the solution which dissolved polyvinylidene fluoride (Kureha Chemical Industry Co., 
Ltd. make : "KF#1 100") in N-methyl pyrrolidone as a binder, using an acetylene plaque (DENKI 
KAGAKU KOGYO [ K.K. ] make: "DIN a turnip rack") as electric conduction material, using this 
covering graphite particle as a negative-electrode active material 

[0035] The blending ratio of coal at this time was set to covering graphite particle:acetylene 
blackipolyvinylidene fluoride =87:3:10 (weight ratio). 

[0036] After changing thickness into copper foil with a thickness of 14 micrometers and applying the 
above-mentioned mixed liquor to it, it dried for 15 minutes at 80 degrees C, the continuation press was 
carried out by the roll press with a radius of curvature of 30cm, and three sorts of negative electrodes 
with an electrode thickness of 100 micrometers were produced. 

[0037] The capacity test was performed by the above-mentioned approach using these negative 
electrodes. The solution which dissolved LiPF6 in the mixed solvent which consists of ethylene 
carbonate:dimethyl carbonate :methylethyl carbonate =7:6:6 (weight ratio) by the concentration of one 
mol/kg as the electrolytic solution was used. 

[0038] The electrode consistency, initial capacity, and initial effectiveness which were acquired are 
shown in Table 1 with the result of the examples 1-3 of the following comparison. 
50g ("KS-44" by Lonza and description are the same as an example 1) of example of comparison 1 
artificial graphites - beforehand - primary - coal-tar pitch (quinoline-insoluble = trace, toluene 
insoluble = 30%) 5g and 50g of tar middle oil of 80 degrees C of softening temperatures from which QI 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/4/06 



. JP,2000-251890,A [DETAILED DESCRIPTION] 



Page 7 of 7 



was removed were put into the 500ml SEPARERU flask, and was distilled on condition that 200 degrees 
C and lOtorr. After collecting tar middle oil, distillation was stopped and the pitch coating graphite was 
obtained. 

* [0039] Since the measured value of the quinoline soluble of the obtained pitch coating graphite is 6.8%, 
the covering ratio of the carbon material for covering formation (double layer type carbon material) is 
0.068. Baking of this pitch coating graphite was carried out at 1200 degrees C among nitrogen-gas- 
atmosphere mind for 1 hour (the programming rate of 50 degrees C / hr), and the coating layer was 
carbonized. The specific surface area of the obtained covering graphite particle was 2.1m2/g, and 
particle size was 20.5 micrometers. 

[0040] Below, like the example 1, the electrode was created and capacity was evaluated. The electrode 
consistency, initial capacity, and initial effectiveness which were acquired are shown in Table 1. 
Using the example 2 of a comparison - the 4 graphitization MCMB (Osaka Gas Co., Ltd. make, lot 
number 6-28, particle-size [ of 6.3 micrometers ], and specific-surface-area 3.2m2/g), like examples 1-3, 
three sorts of electrodes were created and capacity was evaluated, respectively. The electrode 
consistency, initial capacity, and initial effectiveness which were acquired are shown in Table 1 . A 
difference of an electrode consistency is based on the difference of the coating thickness (the amount of 
coating) to a copper foil top. 

Using example of comparison 5 artificial graphite ("KS-44" by Lonza and description are the same as an 
example 1), below, like the example 1, the electrode was created and capacity was evaluated. The 
electrode consistency, initial capacity, and initial effectiveness which were acquired are shown in Table 
1. 



[0041] 
Table 1] 




(g/oc) 


(mAh/cc) 


i%) 


*itm 


1.3 5 


4 11 


9 1 




1. 46 


44 1 


9 1 


£«0*3 


1. 54 


4 7 1 


9 0 




1.4 2 


3 6 5 


8 7 


JtR0J2 


1. 34 


340 


8 9 




1. 44 


3 6 5 


8 9 


tttt«4 


1. 56 


3 8 7 


8 8 


1 tttsms 


1. 43 


46 2 


83 



[0042] When using the negative electrode by this invention so that clearly from the result shown in 

Table 1, an efficient and high [ high-density and ] discharge capacity is obtained. 

[0043] 

[Effect of the Invention] Since the cheap covering graphite ingredient manufactured by mixing and 
calcinating the carbon material which has a volatile component to an artificial graphite and/or a natural 
graphite, a front face, or the interior is used as an active material according to this invention, it can 
contribute to low cost-ization of the nonaqueous electolyte rechargeable battery which uses a negative 
electrode and this. 

[0044] Furthermore, the negative electrode of high density and high capacity can be obtained rather than 
the conventional negative-electrode ingredient by optimizing the particle diameter of an active material, 
the porosity of an electrode, the consistency of an electrode, etc. Consequently, the nonaqueous 
electrolyte rechargeable battery of high performance can be obtained. 



[Translation done.] 



http ://www4 . ipdl .ncipi . go j p/cgi-bin/tran_web_cgi_ej j e 



1/4/06 



